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" Prove varie di http://maxima.sourcefq

Innanzi tutto estendo il path in modo che sia accessibile anche
la cartella C:\xmaxima\
Notare che in Maxima non si deve usare la controbarra ma la barra...

K ($11) (if atom(path_iniziale) then path_iniziale:file_search_maxima)$
L (%$12) file_search_maxima : cons(

sconcat ("C:/xmaxima/###.{lisp,mac,mc}"), path_iniziale)$

7 Uso il pacchetto ctensor per studiare la metrica di Kerr e Newman ossia
la metrica del buco nero carico e rotante ( la piu generale).
La metrica data qui... non e quella ( fisicamente equivalente ) detta di
Kerr Newman Schild caratterizzata dal fatto di avere il determinante
del tensore metrico costante ed uguale a -1.

7 (%$13) ( 1f atom(lg) then load(ctensor) );

(%303)
| C:/Programmi/Maxima-5.20.1/share/maxima/5.20.1/share/tensor/ctensor.mac

” Uso una delle metriche preconfezionate ossia appunto quella di

Schwarzschild.
7 (%14) ct_coordsys (kerr_newman) ;
(%04) done

E7 Il tensore metrico covariante pertanto & questo:

7 (315) 1g;
| (%05)
a2 sin(theta)?-r2+2 mr-e?-a? a(e?-2mr) sin
a? cos(theta)2 +r? ° ° a? cos(theta)

a2 cos(theta)2 +r2

r-2mr+e?+a?

0 0 a2 cos(theta)? +r2 0
. 2
a(e2-2mr) sin(theta)? sin(theta)? ((r2+a2)“-a2 (r2-2
0 0
a2 cos(theta)2+r2 a2 cos(theta)

" I1 tensore metrico covariante 1lg & memorizzato come una matrice
ovviamente simmetrica. Verifichiamolo:

7
(

i6) matrixp(lg);
06) true

o0 oo

{T Tener presente che la numerazione delle matrici parte da 1.
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" Innanzi tutto si constata che il determinante della matrice 1g

e una funzione di r e di theta.

7 (%$17) menogdet:—-trigsimp (determinant (1qg));
(%07) —a4cos(theta)6—62a2_r2—a4)cos(theta)4—(r4—2 azrz)cos(theta)2+r4

Le componenti non nulle di lg sono:

"N TN

(518) 1lgll,1];

2

a sin(theta)2

—r?42mr-e-a2

azcos(theta)2+r2

7 (%19) 1g12,2];
azcos(theta

2

)2+r2

2

r-2mr+e+a

7 (i10) 1g[3,3];
(%010) a? cos(theta)2+r2

7 (%1i11) 1gl4,4];

2
sin(theta)? ((r?¢+a?) -a2(r?-2mr+e?+a?)sin(theta)?)

%011
(%011) 5

a cos(theta)2+r2

Se a non € nulla ossia se la rotazione esiste effettivamente non
e nullo i1l seguente termine non diagonale:

7 (3i12) 1g[1,4];

a(e’-2mr)sin(theta)?

(%012)
azcos(theta)2+r2
Quali simboli usa come variabili del tensore metrico.... ovviamente:

($113) ct_coords;
(%013) [ct, r, theta, phi]

Calcolo ug ( il tensore metrico controvariante)

—

$114) cmetric();
%$0l4) done

—

(%$115) ug:trigsimp (ug)$

N NN NN
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?7(%i16) ug;
(%016)

(a2 r2-2 a2 mr+a? e?+at) cos(theta)2+r4 +a?2r2+42 a2mr-a?e?

(a2 r2-2 a2 mr+a? e?+at) cos(theta)2+r4 -2mr3+(e?+a?) r?

ré-2mr+e?+a?

a? cos(theta)2 +r?

1

a2 cos(theta)2 +r2

2amr-ae?

(a2 r2-2 a2 mr+a? e?+at) cos(theta)2+r4 -2mr3+(e?+a?) r?

I1 determinante di ug & ovviamente 1l'inverso di quello di 1lg.

"N TN

(%117) trigsimp (determinant (ug)) ;

1
(5017)

at cos(theta)6+(2 a? r2—a4) cos(theta)4 +(r4 -2 a% r2) <:os(theta)2—r4

7 (3i18) ugl[l,1];

2

(a r?-2 a’mr+a? e?

e +a4) cos(theta)2 +ri+a

2 e2+a4) cos(theta)2+r4—2 mr3 +(e2+a2) r

2 2 .2

ré+2 a’mr-a‘e

(%018)
(a2r2—2 a’mr+a 2

7 (%119) ugl2,2];

ré-2mr+e?+a’
(%019)
a? cos(theta)2 +r2
7 (%i20) ugl3,31;
%020 !
(%020) 5 5

a cos(theta)2 +r

7 (%121) ugl4,4];

(%021) —(a2cos(theta)2+r2—2n7r+e2)/((a2r2—2 a2nLr+a2eZ+a4)
)2 3,

cos(theta)4+(r4—2Inr3+f¥3r2+2 a’mr-a® e2—a4)cos(theta —rft12mr

(-e?-a%)r?)

7 (3i22) ugl[l,4];

2amr-ae?
(%022)
(a2 r?-2 aZmr+a2 ez+a4)cos(theta)2+r4—2mr3+(e2+az)r2
77(%i23) trigsimp (ug.1lqg);
1 0 0 O
01 0 O
(%023)
0 01 O
0O 0 0 1
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I simboli di Christoffel di prima e seconda specie. Specificando all 1i
visualizzo tutti.

7
(

i24) christof (false);
024) done

i25) lcs:trigsimp (lcs);
025) 1cs

Y (%i26) lecs[2,1,4];

2 amsin(theta)? 2ar(e?-2mr)sin(theta)?

a2 cos(theta)? +r? (a2 cos(theta)? +r2)3

2

N

%$127) lcs[1,2,41-1cs([2,1,47;
(%027) O

Chiedo informazioni sulla array lcs ( simboli di prima specie)

(%128) arrayinfo(lcs);

(¥028) [hashed,3,/[1,1,1],/[1,1,2],/[1,1,3)],[1,1,4],[1,2,1],[1,
2,21,11,2,3],[Y,2,4),1[11,3,Y],/[1,3,2],[1,3,3],1[1,3,4],1[1,4,
17,rx,4,2),11,4,3],/[(1,4,4],([2,1,1],[2,1,2],[2,1,3],[2,1,4]
s (2,2,1v],12,2,2],[(2,2,3],[2,2,4],[2,3,1],[2,3,2],1[2,3,3],1
2,3,4],12,4,1],([2,4,2],[2,4,3],[2,4,4],[3,1,1],1[3,1,2],1[3,
1,31,113,1,4],13,2,1],[3,2,2],[3,2,3],1[3,2,4],[3,3,1],1[3,3,
2]1,103,3,3],13,3,4],1[3,4,1],1[3,4,2],1[3,4,3],1[3,4,4],1[4,1,1]
,1(4,v,2],14,1,3],[4,1,4],1[4,2,1],[4,2,2],[4,2,3],1[4,2,4],1
4,3,1],1[4,3,2],[4,3,3],1[4,3,4],1[4,4,1],1[4,4,2],1[4,4,3],1[4,
4,417]]

"N TN

i29) mcs:trigsimp (mcs);
029) mcs

¥ (%130) mes[1,1,1];
(3030) 0

77(%i31) trigsimp (mcs([1,1,2]);
(%031) —((a2n7r2—2 a m? r+{a2 e2+a4)m)cos(theta)2—n7r4+(21n2+e2)r3+
(-3 e?-a?)mri+(e*+a?e?)r)/ (a® cos(theta)®+3 a? r? cos(theta)® +3 a2 r*

cos(theta)2+r6)

?7(%i32) mes[1,1,3];
(%032) -

a4cos(theta)sin(theta)3+(a4cos(theta)3+{2 a’mr-a“ ez—a4)cos(theta))sin(theta)

6

a cos(theta)6+3 at r?

6

cos(theta)4 +3 a2 r cos(theta)2 +r
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" (%i33) mes[1,1,4];

2 (%134) trigsimp(mcs[1,2,1]);

(%$034) -— ((a2 mr?+al m) cos(theta)2 —mri+e? r3-a?2mri+a? e’ r)/(

(a4 re-2 a*mr+at e2+a6)cos(theta)4 +(2 a’ri-u4 a2mr3+(2 a2 e?+2 a4)r2)

cos(theta)2+r6—2 mr> +(e2+a2) r4)

" (%135) mes[1,2,1]-mes[2,1,1];
(%035) O

" (%i36) mes[1,2,2];
(%036) 0

i37) mcs[1,2,3]1;
037) 0

2 (%138) trigsimp(mcs[1,2,4]);

(%$038) (a5 m sin(theta)6+(—a3 el r-2a° m) sin(theta)4+
(—amr4+a e2 r3+33 2 r+a5m)sin(theta)2) / ((a6 r2-2amr+a® ez+a8)
cos(theta)8+(3 atrt-6a'mri+3ate?+2a®) r?+2amr-a®e?-3a%)
cos(theta)6+(3 a’r-6a’mr’+3a?e?ri+6aimri+(-3ate?-32a%r?)
)4

cos(theta +(r8—2 mr' +(e2—2 a2) r®+6 a%mr° +(—-3 a’e?-3 a4) r4) cos(theta)2

—r8+2mr’ +(—e2—a2) r6)

' (%139) mes[2,1,4]-mcs[1,2,4];
(3039) 0

L (%140) trigsimp(mcs([1,3,11);

2

(2 a’mr-a ez)cos(theta)sin(theta)

a4cos(theta)4+2 a212 cos(theta)2+r4

%$141) mcs([3,1,1]-mcs[1,3,171;
(%041) O

¥ (%142) mes(1,3,2];
%042) 0

L ($143) mes[1,3,3];
(%043) 0O
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(%$144)
(5044)

($147)
(%047)

(%$149)
(%049)

" (%150)
B (%$050)
¥ (3151)
| (%051
e

(%$152)
(%052)

’ (%153)
B (%$053)
' (3154)
| (%054)
" (%i55)

+H(-3 ae

(a4.r2—2 a‘mr+a

cos(theta

mcs([1,3,47;

6 / 16

((2 amr-a’ e2)cos(theta)sin(theta)3+

((4 a’mr-2a° ez)cos(theta)3+(2 amr

mcs[3,1,4]-mcs[1,3,4];
0

mcs[1,4,1];

mcs([1,4,2];
(((a3n7r2—2 a’> m? r+(

2_23)mr2+(a et +al

3 .2

mcs[4,1,2]-mcs[1,4,2];
0

mcs([1,4,3];

((2 a’mr-a° ez)cos(theta)sin(theta)

((2 a’mr-a’ e2)cos(theta)3+(2<an7r

mcs[4,1,3]-mcs[1,4,3];
0

mcs([1,4,47;
0

trigsimp(mcs[2,1,1]);

2+a4m)cos(theta

4 .2

- ((a’mr )2

)2+r6—21nr5+(e2+a2)r4)

mcs[2,1,1]-mcs([1,2,17;
0

trigsimp(mcs([2,1,2]);
0

trigsimp (mcs[2,1,3]);
0

a- e +a5)m)cos(theta)2—a1nr

3 2

—ae 3 3

r’-2a3mr+a ez)cos(thetan

sin(theta))/’(a6cos(theta)8+ﬂ3a4.r2—a6)cos(theta)6+ﬂ3az.r4—3 a412)

cos(theta)4+(r6—3‘a2rA)cos(theta)2—r6)

4+(2 am2+a e2)r3

ae*+a ez)r) sin(theta)z)/(a6 cos(theta)6+3 at r?
cos(theta)4+3 a? rt cos(theta)2+rﬁ)

34

3_a2e? r?)cos(theta))sin(theta)) / (a°

cos(theta)6+3 at re cos(theta)4+3 a? rt cos(theta)2+rﬁ)

4 2 .3 2

-mr*+e“r>—-a mr2+a2e2r)/(

e +a6)cos(theta)4+(25¥3r4—4 a2n7r3+(25f3e2+2 a4)r2)



esperimenti_wxml5-kerr—-newman.wxm 7/ 16

2 (%156) trigsimp(mcs([2,1,4]);

I (%056) (a51nsin(theta)6+(—a3e2.r—2 a5m)sin(theta)4+
(—amri+ae?r’+a’ e r+a’m sin(theta)z) /((a®r?-2a°mr+a®e?+af)
cos(theta)8+(35ﬂ rf-6a‘mri+3ate?+2a®) r?+2a®mr-a®e?-3%)
cos(theta)6+(3 a’r-6a’mr’+3ae?ri+6aimri+(-3ate?-32a%r?)

4

cos(theta) +(r8—2 mr' +(e2—2 a2) r®+6 a%mr° +(—-3 a?e?-3 a4) r4) cos(theta)2

—r8+2mr’ +(—e2—a2) r6)

7) mcs[l,2,4]-mcs[2,1,4];
7) 0

¥ (%i58) mes[2,2,1];
(%058) 0

" (%159) mes[2,2,2];

(a2 r-a? m) cos(theta)2 +m r? +(—e2 —az) r

2 2 .2, .4
)

(a r?-2 a’mr+a’e+a cos(‘chet51)2+1'4—2mr3+(e2+az)r2

7 ($160) mcs[2,2,3];

a? cos(theta) sin(theta)

(%060)

2r2-2 a°mr+a? e2+a4) cos(theta)2+r4—2 mr3 +(e2+a2) r?

(a
" (%i61) mcs[2,2,4];
(%061) O

" (%162) mecs[2,3,1];
(5062) 0

L ($163) mcs[2,3,2];

a? cos(theta) sin(theta)

(%063) 5

a cos(theta)2 +r2

N
90

mcs[3,2,2]-mcs[2,3,2];
0

—
o° o

L ($165) mcs[2,3,3];

r

(%065)
a2 cos(theta)2 +r?

" (2i66) mcs[3,2,3]-mcs([2,3,3];
(%066) 0

¥ (%167) mcs[2,3,4];
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2 (%168) trigsimp(mcs([2,4,11]1);

(%068) — ((a5 mré-a°e?r-a’ m) sin(theta)6+

2 2

(-4 a’mrt+3a’e?r3-2a°mr?+3a°e?r+2a’ m) sin(theta)4+

2

(3 amr®-2ae?r’+5amrt-4a’e?r3+a°mré-2a°e?r-a’ m)sin(theta)2) /|

6

(a r2-2a°mr+a® e2+a8)cos(theta)6+(3 a*ri-e6 a4mr3+(3 at e?+3 a6)r2)

cos(theta)4 +(3 a’r®-6amr® +(3 a2 e?+3 a4) r4) cos(theta)2+r8—2 mr'+

(e?+a®) r®)

" (2169) mcs[4,2,1]-mcs([2,4,1];
(%069) 0

7 (%170) trigsimp(mcs[2,4,2]);
(%070) O

Y (%171) trigsimp(mcs[2,4,3]);
($071) O

7 (%172) trigsimp(mcs[2,4,4]);

(%$072) ((a4 r-at m) cos(theta)4 +(2 a’?r3-a’mré+at m) cos(theta

+e? r3-_a2mri+a?e? r)/ ((a4 r-2 a*mr+at 62+a6) cos(theta)4+

)2+r5—2 mr?

(2 a’ri-y4 a2mr3+(2 a?e?+2 a4)r2)cos(theta)2+r6—2 mr5+(e2+a2)r4)

' (%173) mcs[4,2,4]-mcs[2,4,4];
(%073) O

¥ (%i74) msc[3,1,1];
%074) msc3, 1, 1

7 (3175) msc([3,1,2];
(%075) msc3,1,2

? ($176) msc[3,1,3];
(5076) msc3 1,3

' (%177) msc[3,1,4];
(%077) msc3,1,4

a

i78) msc[3,2,1];
078) msc3,2, 1

7 (3179) mcs[3,2,2];
a? cos(theta) sin(theta)

a2cos(theta)2+r2
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N

%$180) mcs[2,3,2]-mcs[3,2,2]1;
%$080) O

—

¥ (%181) mcs[3,2,3];

r
(%081)

2

a cos(theta)2 +r2

" (%182) mes[2,3,3]-mes[3,2,3];
(5082) 0

7 (%$183) mecs[3,2,4];
(%$083) 0

¥ (%184) mcs[3,3,1];
(%084) O

" (2i85) mes[3,3,2];

2 2

+(e +a2)r

a2 cos(theta )2 +r?

3 -2mr
(%085)

" (%i86) mcs[3,3,3];

a? cos(theta) sin(theta)

(%086)

2

a cos(theta)2 +r2

N
90

mcs([3,3,47];
0

—
o° o

7 (%i88) mcs[3,4,1];
(%088) ((2 a’mr-a° e2) cos(theta) sin(theta)5+

((6 a’mr-3a° e2) cos(theta)3 +(4 a’mr3-2a%e?r?-2a°mr+a° e2) cos(theta))

3 5 e?)

sin(theta)” + ((2 a’mr-a° e2) cos(theta)5 +(2 a’mr3-a%e?r?-2a°mr+a’e

cos(theta)3 +(a3 e?r?-2a3m r3) cos(theta)) sin(theta)) / (a6 cos(theta)6+3

at r? cos(theta)4+3 a? rt cos(theta)2+r6)

" (%189) mcs[4,3,1]-mcs[3,4,1];
(5089) 0

7 ($190) mcs[3,4,2];
(%$090) O

¥ (%191) mcs[3,4,3];
(%091) O
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L (%192) trigsimp(mcs[3,4,4]);

(%092) —¢( ((a4 r?-2a*mr+a* e2+a6) cos(theta)5+

(2 a’rt-6 azmr3+(4 a’m?+3 a2 e?+2 a4)r2+(—4 a?e?-2 a4)mr+a2 et+at e2)

cos(theta)3+ (r6—2 mr° +(e2+a2) ri42 a2 mr3 +(—4 a’m?-a2 ez) re+

(4 a2 e?+2 a*ymr-a?e*-a%e?) cos(theta)) sin(theta)) / (

(a4 r’-2a*mr+a* ez+a6) cos(theta)6+

2 4) 4 2

(2 a?ri-u4 a2mr3+(2 at e r+2 a*mr-a‘te —a6)cos(theta)4+

(r6—2 mr5+(e2—a2)r4+4 a2mr3+(—2 a?e?-2 a4)r2)cos(theta)2—r6+2 mro+

(-e?-a%)r?)

+a

" (%193) mcs[4,3,4]-mcs[3,4,4];
(5093) 0

" (%194) mcs[4,1,1];

" (%195) mcs[4,1,2];

3 .2

(%$095) (((a3mr2—2 as m2r+(a e +a5)m)cos(theta)z—amr4

+(2 am?+a e2)r3
+(—-3 a e2—a3)m r? +(a et+a’ ez) r) sin(theta)z) / (a6 cos(theta)6+3 at r?

cos(theta)4 +3 a rt cos(theta)2+r6)

" (2196) mecs[1,4,2]-mcs[4,1,2];
6

%096) 0

—

¥ (%197) mcs[4,1,3];

(%097) ((2 a’mr-a3 e2) cos(theta) sin(theta)3

+
(2 a2mr-a3 e?)cos(theta)’+(2 amr3-ae? r?)cos(theta))sin(theta)) / (a°

cos(theta)6+3 at re cos(theta)4 +3 a rt cos(theta)2+r6)
" ($198) mcs[l,4,3]-mcs[4,1,3];

(%098) O

¥ (%199) mcs[4,1,4];
(5099) 0

7 (31100) trigsimp (mcs[4,2,1]);

(50100) - ((a>m r?-3%e? r-a’m sin(theta)6+

(-4 a’mrt+3a’e?r3-2a°mr?+3a°e?r+2a’ m) sin(theta)4+
2

(3 amr®-2ae?r’+5amrt-4a’e?r3+a°mré-2a°e?r-a’ m)sin(theta)2) /|

6

(a r2-2a°mr+a® e2+a8)cos(theta)6+(3 a*ri-e6 a4mr3+(3 at e?+3 a6)r2)

cos(theta)4 +(3 a’?r®-6a’mrd +(3 a2 e?+3 a4) r4) cos(theta)2+r8—2 mr'+

(e?+a®) r®)




esperimenti_wxml5-kerr—-newman.wxm 11 / 16

" (%1101) mes[2,4,1]-mcs([4,2,1];
($0101) O

7 (%1102) trigsimp (mcs[4,3,4]);

(%0102) —( ((a4 r’?-2a*mr+at e2+a6) cos(theta)5+
(2a’r*-6a’mri3+(4a’m?+3a?e?+2at)yré+(-4a%e?-2a*ymr+a?et+ate?)
cos(theta)3+ (r6—2 mr5+(e2+a2) ri42 a?mr3 +(—-4 a’m?-3° e2) ré+
(4 a?e?+2 <az4)mr—a2 et-a4 e2) cos(theta)) sin(theta)) / (

(a4 re-2 a*mr+at e2+a6) cos(theta)6+

(2 a2 rt-42’°mr3 +(2 a? ez+a4) r’+2a*mr-a* e2—a6) cos(theta)4+
(r®-2mro+(e?-a?)r*+4 a°mr3+(-2 a2 e?-2 a*)r?)cos(theta)’-r®+2mr°+
(-e’-a’)r?)
? (51103) mcs[3,4,4]-mcs[4,3,4];
($0103) 0O
7 (31104) mcs[4,4,1];
| (%0104) 0
7 (31105) trigsimp (mcs[4,4,2]);
(%0105) - ((a4 r3-3a%*mr? +(2 a*m?+a" e2+a6) r+(—a4 e2—a6)m) sin(theta)6+ (
-2 a%r5+3 azmr4+(2 a’m?-a%e?-4 a4)r3+(4 at-3 3% ez)mr2+
(=2 atm?+alet-ate?-2 a6) r+(a4 e2+a6)m) sin(theta)4+
(r7—2 mr6+(e2+3 a2)r5—4 azmr4+(2 a?e?+3 a4)r3—2 a4mr2+(a4 e2+a6)r)

sin(theta)2) / (a6 cos(theta)6+3 at r? cos(theta)4 +3 a? rt cos(theta)2 +r6)

" (%1106) trigsimp(mcs([4,4,3]);

(%0106) — ¢( ((a4 r?-2a%*mr+at e2+a6) cos(theta)5+

3

(2 a’ri-4 azmr3+(2 a?e?+2 a4)r2)cos(theta) +

(r6+a2 rf+4a’°mr3-2a%2e2r?42a ' mr-at e2) cos(theta)) sin(theta)) / (a6

cos(theta)6+3 at re cos(theta)4 +3 a rt cos(theta)2+r6)
' (%i107) trigsimp (mcs[4,4,4]);
($0107) O
7 Chiedo informazioni sulla array mcs ( simboli di seconda specie )

Usa la convenzione di scrivere 1l termine controvariante come ultimo.
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7(%iﬂm) arrayinfo (mcs) ;

| (20108) [hashed,3, [1,1,1],[1,1,2)],[1,1,3],[1,1,4)],[1,2,1],]/[1,
2,21,1I1v,2,3;,11v,2,4],11,3,1],/[(1,3,2],1[1,3,3],1[1,3,4],1[1,4,
17,71,4,21,1,4,3],1[1,4,4],112,1,1],/[(2,1,2],[2,1,3],1[2,1,4]
s (2,2,v1,12,2,2]1,12,2,3],(2,2,4],([2,3,1],12,3,2],1[2,3,3],1
2,3,41,12,4,1]1,1(2,4,2],[2,4,3],1[2,4,4],1[3,1,1],[3,1,2],1[3,
1,37,13,1,41,13,2,11,13,2,2],[3,2,3]1,1[3,2,4],13,3,1]1,1[3,3,
21,13,3,31,13,3,4]1,1[3,4,1],1[3,4,2],1[3,4,3]1,1[3,4,4],1[4,1,1]
,(4,1,21,14,1,31,[4,1,4],[4,2,Y],[4,2,2],1[4,2,3],1[4,2,4],1
4,3,11,14,3,2],[4,3,31,[4,3,41,1[4,4,1],1([4,4,2],1[4,4,3],1[4,
4,4171]

" Ora calcolo il tensore di Riemann a quattro indici, visualizzandone solo
quelli di valore non nullo ( scrivendo true ma la stampa e' troppo lunga ).

L ($1109) riemann (false);
(%0109) done

Calcola 11 tensore di Ricci che dovrebbe essere identicamente nullo
ma siccome non fa semplificazioni viene cosi'....

" (%1110) ricci (false);
($0110) done

{T Trasformo l'array ric in una lista per vederla in modo convenzionale
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7 ($1111) listaric:trigsimp(listarray(ric));

lO+(—2 ae?r?2-2a3%c?2mr+afet-2a8 e2)

4

(30111) [ (a® e? sin(theta)

sin(theta)8 +(6 ate?mr3-3ate

2

r’+6a®e’mr-3a° e4) sin(theta)6+ (2 a? e?

2)r2—6 a6 e2

r®+6 a2 e?m

mr5+(3 a’et+6 a" e2)r4—12 al e2mr3+(6 atet+6 3% e
2 7 2)

-6ae
+(—e4—4 a’e
2)

mr+3a®et+2 al e2) sin(theta)4+ (—e r8+2emr

ro +( 2) 2mr3 +(
a8 e2) sin(theta)z) / (az12 cos(theta)14 +(6 all 2 —a12) cos(theta)
(15 a® r*-6 at? r?) cos(theta)'?+(20 a® r®-15 a® r?) cos(theta)®

(15 a4 r8-20 a® r®) cos(theta)®+(6 a2 r19-15 a4 r8) cos(theta)* +(rl2-6 a2 r
7

r?+2 a%e?mr-afe?-

12

—3aet-6a%e?)ri+6ate —3a%tet-44a%e

+

10)
et +2 a% e?)sin(theta)l?+

2 2)

cos(theta)2—rl2) ,0,0,—(2 ale?r?-2a’e’?mr+a

2 2mr3+(—3a5e4—12<az7e2)r2+6a7e mr-3a’et-6a%e

sin(theta)8+ (6 ate?r®-6a3 ezmr5+(3 a>et+18 a° ez)r4—12 a’e’mr3+

2 2

(-6 a” el ri+6a°e

mr+3a e*+6a’ e2) sin(theta)6+ (-2 ae r8+42 a

2mr5+( 2mr3+

(6 a’ et+18 a’ e2)r2—6 al e

ezmr7+(— 2)r6+6a3e —3a’e?-12 a5e2)r4+6a5e

r+2a'e’?mr-a’e*-2 a° e2) sin(theta)4) / (a12

-8 a’e
(-3a°e*-8a’e?)
cos(theta)14+(6 alo r2—a12) cos(theta)12 +(15 a8 ri-6 410 r2) cos(theta)
(20 a® r®-15 a® r*) cos(theta)® +(15 a® r®-20 a® r®) cos(theta)®

(6 a2 r10-15 2% r8)cos(theta)? +(rl?2-6 a2 r1%) cos(theta)?-r12),0, (al0 &2

10,

sin(theta)t* +(-5 a® e? r?¢-5 alo e?)sin(theta)t? +
10 a® e? r4420 a® e? r2+10 al% e?) sin(theta)t0+
10 a4 e? r®-30ae?2 r*-30a%e?r?2-10all%e¢ )sin(theta)8
218420 a%e?r%+30 a®e? r*+20 2% e? r2+5 a0 ¢2) sin(theta)®+

e? rl0_5 322 +8_10 2% 2 r%-10a%e? r?-5 38?2 r2-5to e2)sin(theta)4)/(

(

(-

(5 a’e
(=

(12

r2-2 al2mr+al? e2+a14) cos(theta)16+

(6 a0 r4-12 a0 m 346 al% e?2+4 a2y r2+4 al2 nr-2 a2 e2-2 (azlzl)cos(theta)14
+(15a® r®-30 a® mr>+(15 a® e?+3 a'% rt1+24 alOm r3 +( 12 at%e?-11 a%?) r? -2
al?mr+al? e2+a14) cos(theta)12+(20 a®r®-40a°mr’ +(20a e?-10 a8)r6+60
amrd +(— 30 a® e?2-24 alo) -12 at%m 3 +(6a 0e216 al2)r2)cos(theta)lo+(
15a% rt0-30 a?* mr?+(15 a? €2-25a®) r®+80 a® mr’ +(-40 a® e?-25 a )r6—30a8
mr5+(15 a®e?+15 alo)r4) cos(theta) +(6a rl2_12 52 mr11+(6a e?-24 a4)
rt%+60 a* mr?+(-30 a? e?-10a%) r®-40a°mr’+(20 a®e?+20 a®) r®)
cos(theta) +(r —2mrl3+(e -11 a2)r12+24 a2mrll+(3 a*-12 a% e2)r10—30
a*mr?+(15 a* e?+15 a®) r®) cos(theta)’

(-2 ridiam r13+(4 as-2 e2) r12-12 a’m r11+(6 a’e?+6 a4) rlo) cos(theta)2+r14
13

+

+(e +a2)rl2),O,O,O,O,—(aloe s:Ln(theta)l4+(—5 ae? r2-5 gto e2)
sin(theta)'?+(10 a® e? r4+20 a® e? r2+10 al® e?) sin(theta)'? +

(=10 ate?r®-30ae?r*-30a%e?r?-10 a0 e2) s:'m(theta)8
2 2 2 2

-2mr

6

(5 a2 e r8+420a%e?2 r®+30afe? r*+20 2% e? r2+5 all e?)sin(theta)® +
(—e2 r10_5 222 r8-10a%e?2 r0-10a%e? rt-5a38 2 r2_410 e2) sin(theta)4) /|
al? cos(theta)16+(6 all r2_2 alz) cos(theta)14+(15 a8 rt-12 410 r2+a12)

cos(theta)12 +(20 a® r®-30a8 rt+6 atl r2) cos(theta)10+

r1e 4 .8 1A 6 6 95 8 4\ it i 22 10 _An 4 8,050 6 6\
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4 Ricopio l'array in una matrice. Notare che la

elementi della array potrebbe partire da zero
con zero non vengono usati per cui il tensore

numerazione degli
ma gli indici
di Ricci

e questo, semplificato con la semplificazione trigonometrica:

7 (%i112) matricci: trigsimp(matrix(

[ ric[l,1]1,ricI[1,2],ric[1,3],ricI[1,4]1],
[ ric[2,1],ric([2 2],ric[2,3],ric[2,4]],
[ ric[3,1],ric[3 ,2],ric[3,3],ric[3,4]],
[ ric[4,1],ric[4,2],ric[4,3],ric[4,4]1]1));
| (30112)
a2 e? sin(theta) +e2r?2-2e?mr+ed+a?e?

ab sin(theta)6+(f3 ad r2-3 a%) sin(theta)4+(3 a2 r%+6 a% r2+3 a%) sin(theta)27r6f3 a2 r4-3 a4 r2-5%

0
0
(2 a e?r’2-2ae’mr+aet+2 a3 e2) s:Ln(theta)2
ab sin(theta)6+(—3 at r2-339) sin(theta)4 +(3 a2 rt+6 a4 r2+339%) sin(theta)z—r6—3 a2 r4-3 a4 r2-56

Se semplifico le espressioni...

L'array ric e di tipo hashed ossia sparsa perché non vengono definiti
gli indici della riga 0 e della colonna 0.

7 (%1113) arrayinfo(ric);
(¢0113) [hashed,2,[1,1],[1,2],[1,3],[1,4],1[2,1],[2,2],[2,3],1
2,471,13,1],1[3,2],1[3,3],1[3,4],1[4,1],[4,2],1[4,3],1[4,4]]

{? Questa e' la verifica della metrica di Kerr e Newman.

" (%i114) matricci[l,1];

(%0114) —(a2 e2sirutheta)2+e2 re-2 e’mr+et+a’ e2)/(a6 sin(theta)6+
(-3 a412-{3a6)sin(theta)4+ﬂ3a2.r4+6(a4r2+3 a6)sin(theta)2—r6—3 a’?r*-3
7a4 r2_526)

L ($1115) aa:subst (0,a,matricci[l,1]);

e’r’-2e’mr+et
(50115)

" Se invece si pone nulla la carica e ma si fa la semplificazione
trigonometrica si deve ottenere 0 perché ci si riduce alla metrica
di Kerr dove non c'é energia nello spazio attorno al buco
nero rotante.

L ($1116) bb:trigsimp (subst (0,e,matricci[1l,11));

($0116) O
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L

N

"N TN

(%1117) matriccil[l,2];

($1118) matriccil[l, 3];

(%1119) matriccil[l,4];

($0119) ((2 a e?r’-2ae’mr+aet+2a’e?) sin(theta)2) / (a6 sin(theta)6+

(-3 a%r?2-3a% sin(theta)*+(3a? rt+6a* r?2+3 a®) sin(theta)®-r®-3 a2 r4-3

(%1120) matricci[2,1];

($1121) aa:subst (0,a,matricci[2,2]);

eZ

3 2 .2

—rivomr3i-e? r

(%1122) matricci[2,3];

($1123) matriccil[2,4];

(%1124) aa:subst (0,a,matricci[3,3]);

(%0117) O
(%0118) O
a4r2_a6)
(%0120) O
(50121)
(%0122) 0
(%0123) O
e
($0124) —
r

($1125) aa:subst (0,a,matricci[4,4]);

e
(50125)

2 sin(theta)?

r2

Verifiche: debbono risultare uguali:

(%1126) trigsimp (diff (menogdet,r)/ (2*menogdet)) ;

(50126)

2 r

a

2 2

cos(theta)2+r

($1127) trigsimp(mcs[2,1,1]+mcs[2,2,2]+mcs[2,3,3]+mcs([2,4,4]);

(50127)

2 r

a

Giusto!

2 2

cos(theta)2+r

Vedere il Landau per questa importante formula di verifica

che deve valere SEMPRE.

Ed anche questa coppia deve risultare uguale anche se Maxima fatica

un po'

ad accorgersene...



esperimenti_wxml5-kerr—-newman.wxm 16 / 16

7 (31128) va:trigsimp (diff (menogdet, theta)/ (2*menogdet) ) ;

3 a2 cos(theta)3+(r2—2 a2) cos(theta)

(50128)
)3

2

a‘ sin(theta +(—r2—a2)sin(theta)

L ($1129) vb:trigsimp (mcs[3,1,1]+mcs[3,2,2]+mcs[3,3,3]+mcs[3,4,41]1);

(3 a? cos(theta)’ +(r?-2 a?) cos(theta)) sin(theta)
(%0129)

2 2

a cos(theta)4 +(r2 —a2) cos(theta)2 -r

K Possono sembrare due espressioni diverse ma non lo sono...

($1130) trigsimp (va-vb);
(%0130) O



